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The Invention relates to a method for mamafacturlng a 
meaflsrane electrode assembly and to a method for preparing 
a manibrane to be aspembled in an membrane electrode 
assembly. Further, the invention relates to a meinbrane 
15 electrode assembly. 

Rapid and simple methods for creating Membrane Electrode 
Asseinblies (MEAs) having qptiznized interfaces are 
desired. As discussed bar Huslage et al. [J- Huslage T 
20 Rager, B. Scbnyder, and A, Tsukada 'Radiation-graftU * 
manibrane/electrode assemblies with in^roved interface- 
Electrocaiim. Acta 48 (2002) 247-254], the pr^aration of 
such optimized interfaces with radiation-grafted 
crosslinked menibranes has been a long-standing problem in 
25 the field. Jn particular, they noted poor electrochemical 
xnterface formation is characterized by unstable fuel 
cell performance, lengthy run-times uitil steady-state 
performance is acihieved, and poor adhesion between 
mesftirane and electrodes etsren after extended fuel cell 
10 testing. Mierefore, it is clear that optimization of the 
• electro<=hemieal interface of mbas is quite important in 
Obtaining high performance in the fuel cell application. 
For example, optimization of this interface allows one to 
Obtain better cell polarization performance and higher 
Po«er densities with the same fuel cell con^^onents, e.g. 
meinbrane and electrodes etc. 
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AS discussed by Huslage et al., it is especially 
difficult to obtain an optimal electrochemical interface 
in MBAs containing radiation-grafted crosslinked 
membranes having low graft levels . OJhis interf acial 
problem is qpiite iaportant to solve because both Huslage 
et al. and later Ktahn et al. (h. Ruhn, l. Gubler, t.j. 
Schmidt, G.G. Schmidt, H,-P. Brack, K. Siabek, t. Rager 
ana p. Geiger, "MBA Based on Radiation-Grafted PSl- 
Membrane: Durability and Degradation Mechanisms-, 
Proceedings of the 2«» European PEFC Forum, 2-e JUly 
2003, ISBN 3-905592-13-4, pages 69-77.) demonstrate^^ that 
such meoibranes can operate in fuel cells under steady 
state coAditions for several thousands of hoxirs with no 
Observable loss in the output of the fuel cell or 
degradation in zoenibrane or cell prciperties or 
perfozmance. 

The typical preparation of such radiation-grafted 
menibranes is described in the abov^-cited publication by 
Huslage et al, or in, for ejcajiple, the European patent bp 
0 667 983 Bl. Often, th^ are prepared from 25 u^i thick 
films of FBP base polymer and using monomer solutions 
c«itaining about 10 vol % of the crossllnker, DVB. aaiese 
inembranes typically have graft levels of about 18 to 20 
mass percent, and their spectroscopic properties and the 
xsomer ratios of the graft component have been reported 
by Brack et al. (h.-P. Brack, D, Fischer, M. Slaski, G, 
Peter, and GOnther 6. Scherer, "Crosslinked Radiation- 
Grafted Menibranes, Proceedings of the European pefc 
Porum, 2-6 July, 2003, ISBN 3-905592-13-4, pages 127- 
136). *^ ^ 
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Huslage et al. reported that mechanical properties of the 
membranes were inqproved by limiting the graft level to 
such rather low values, and that the corresponding losses 
la conductivity at low graft levels could be conpensated 
by an improvement in the membrane/electrode interface. 
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According to the publicatiou Ijy Buslage et al,, *MEAs 
With an ioproved interface between the aeirihrane and 
coflimercially available ga@ aiffueion electrodes were 
obtained Jv Naflon'-coatinff ot the membrane and iot- 
pressing, " 

UnfortTinateiy, these progress could not be successfrilly 
r^roduced. Working according to the teaching of Hiislage 
et al. by preparing qptimized u&As from radiation-grafted 
membranes by NA£±ot^-coatin& o£ the memhrane and hot- 
pressing delivered the qaite stirprisingly result that 
alone these two stqps of (i) Naf ion-coating and (2) hot- 
pressing do not malce it possible to obtain MEAs having 
favorable electrochemical properties such as low ohmic or 
charge-transfer resistances or liaving favorable 
performance properties in fuel cells. 



in the prior art studies, documents published by 
Stipramanium Srinivasan were found engnhasizing the major 
brealcthcough obtained in making a 10-fold reduction in 
platinum loading from about 4 mg cm'* to 0.4 rag cm-* or 
less. For e3caii5)le, s. Srinivasan and p. Costamanga review 
this breakthrough in »i2uantum Jun^s in the pemfC science 
and technology from the 1960s to the year 2000 Part I. 
25 Fundamental scientific aspects", J. Power Sources, 102 

(2001) 242-252. He attributes this breakthrough to (i) an 
increase in the bet surface energy of the 
electrocatalysts, and (ii) an extension of the 3- 
dimeasional electrocshemically active zone in the 
30 electrode by the inpregnation with the proton conductor 
Mafion* membrane, in this same publication, S. srinivasan 
et al. state that the electrodes are hot-pressed to the 
insotone "under t&e desired c^ditloas o£ tenjperature 
(130 - 140 oc), pressure (2000 psi) and time rabenit JL 
39 min)-. DUfortunately, S. Srinivasan et al. did not state 
however anything about a pretreatment or pre-conditioning 
of the membrane prior to the hot-pressing. 
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a addition, their teaching that hot-preseing should be 
done close to the glass-transition temperature is 
aaibiguous. It is not clear if they mean the glass- 
5 transition tei^perature of the form of the menibrane during 
hot-pressing or any other type of a pretreated mentorane. 
Also the term -close to-' is not specified and could mean 
one degree or many degrees Celsius. Nor is it indicated 
. ... smetnsr. thers is. difference, or preference. between hot^ 
10 pressing below, at, or above the glass transition. 

It is therefore the aim of the invention to provide a 
method for the manufacturing of a membrane electrode 
assembly and a method for preparing a menihrane for use 
thereof and a membrane electrode, assenbly providing 
improvements with respect to bcmding, lifetime and 
perforraaace properties • 

^oken in general terms, the inventive conc^t coit5)rises 
to control the water-content of the membrane during hot 
pressing because this parameter turned out to be critical 
to give an optimized MEA interface and favorable 
electrochemical properties and fuel cell performance 
mis invention and its various embodiments and reduc^on 
to practice ^»±ll be described later and can be studied 
from the appending claims. 

O^erefore, an ion-conducting membrane, in a swollen state 
Characterized by a relatively high surface energy or low 
contact angle .with water for that material, is bonded 
together with two electrodes under conditions of elevated 
pressure and/or tengperature. aate state of swelling of the 
lon-conducting membrane is conveniently varied by 
exposing the menibrane to one or more liquid solvents or 
to atmospheres containing the vapor phase of one or more 
solvents. -Ehe method of membrane swelling is not 
specifically limited. Non-limiting exaii5>les such solvents 
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Include water, ettorlene glycol, prqpylamine, prppanol, • 
propionic acia, and propi^naldehyOe, acetone, 
acetonitrile, jWr-butyl glyeolate, NrN'-^-a- 
ttotylacetaanide, diethoaiyethane, diethyl carbonate, 1,3- 
5 dioacolaae, dimetbylacetamide, Ar,j\r'-dimetljyl butyramide, 
dimetl^l carbonate, 2ir, J»r -dimethyl Oecanamide, 
dimethoxyethane, dimethyl ethaxie sulfonamide, n,N'- 
dinieUorl fonnamide, w,^' -dimethyl propyleaeurea, dimethyl 

„ ,sul.f oacide,_ «^aiethxl„eulfite, _2t5.- 

10 dimethoxytetrahydrofuran, ethyl acetate, 2-etliosq^ethyl 
acetate, ethylene carbonate (l,3-di03colan-2-one) , ethyl 
glyeolate, CH30C4P9, CP3CP2CF20CF(CF3)CP20C31PCP3, 7- 
butyrolactone, methyl acetate, 2-(2-(2- 
metha3cyetho:qy)etlioxy)~l,3-dioxolane, methanol, methyl 
15 formate, methyl glyeolate, methyl tert-butyl etlier, N- 
butyl amine, W-metl^l formamide, liMnethyl-2-pyrrolidone, 
propylene carbonate, poly (ethylene glycol), 4-(l- 
propenylosymethyl) -1, 3-dioaeolan-2-one, sulf olane, 
tetralsutylammonium, triethylphosphate, tetrahydrofuran, 
20 and 3-methyl sydaona. m one enibodiment, an ion-exchange 
membrane is treated in deionized water for about 4 or 5 h 
at a teinperature* o£ about 80 <*c. 



OJhe type of membrane used in this invention is not 
25 specifically limited. Any organic or inorganic or 
organic/ inorganic or can^josite membrane capable of 
transporting protons at tbe operating tentperatures of 
interest is suitable. OSie organic con«>onent may be 
polymeric in nature. The coaposition and chemical 
30 structure of the membrane is also not limited. The 
membrane will generally be selected according to the 
desired properties for the membrane, for example, 
conductivity, dimensional stability, gas separation, 
methanol iiigpermeability or mecihanical properties. Some 
35 non-limiting examples of ionomeric membranes include 
copolymers of fluorinated monomers like • 
tetrafluoroechylene and ion-conducting or acidic 
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comoziozaers or tlieir precursors. Kron-llmitizig exaioples of 
such polymers are the perfluorosulfonic acid (PFSA) 
polymer Nafilon® membranes 1;^ DuPont or related materials 
from Asahl Glass (FlCTiion membrane) , Asabi Cttemical, or 
5 Sov. Sudh lonomerlc xaeoibrane materials may also be used 
xa the form of concposites, such as in the case of the 
composite micro-reinforced membrane found in the PRIMBA® 
IHQSA from Gore. OThe composition, shape and form of the 
membrane are not specifically limited. Such 

10 perf luorinated membranes are often cleaned and put fully 
into the acid form prior to MEA assezobly hy treating them 
for short periods of time tniith strong acid solutions. Tsx 
one embodiment they are treated with about a 35 treight % 
solution of nitric acid for one hour prior to swelling » 

15 After acid treatment , the acid is removed from the 

membranes typically by rinsing the membrane with voater 
until the rinse t^ater is neutral. 

^e electrochemical perfoannance of the HBA and fuel cell 
20 in some cases may be enbanced 1^ iiqpregnation of the 
membrane with another ionically conducting polymeric 
.phase in order to extend the volume o£ the 3 -dimensional 
electrochemically active zone or to iics^rove the surface 
or bonding properties of the messbrane in the HBA 
25 preparation. This ingpregnation can be carried out by 
means knovgn- in the art such as spraying or dipping the 
membrane vrLth a solution of an ionically conducting 
polymer sudh as the Naf ion* polymer or other 
per£luorlnated^ partially fluorinated, or non-fluorinated 
30 lonomers. After the impregnation process is coitplete, the 
electrode may jDe dried at elevated temperat\ires , 
typically 100 to 140 in the case of Naf ion® polymeTr in 
order to remove residual solvent and to transform the . 
ionomer into the form of an insoluble solid. 

35 
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m one efflboOimeat, tie menOMcaae is a radiations-grafted 
menibraue. The conpositioa and structure of the radig.tion- 
grafted mecabrane is not specifically limited. For 
exaa^jle, the radiation-grafted membrane may be prepared 
5 from a variety of base polymer films inclTiding 

fluoropclymers , such as PTFB and its copolymers including 
PSP, BTFB, or PVDF, or polyolefins such as polyethylene, 
polypropylene and their copolymers. •Che type of radiation 
used to pr^are the meDbrane is not specifically limited 
10 and includes electromagnetic radiation like W or X-rays 
or particle radiation sudi as electron beam, in some 
cases a vacuum or inert irradiation atmosphere will be 
selected in order to minimise degradation of the base 
polymer. Films can be grafted simultaneously along with 
15 the irradiation process, or the grafting can be done in a 
post-irradiation step. If the grafting is done in a 
subseqpient step, the irradiated substrate may be stored 
at reduced ten^jerature and/or under inert atmosphere if 
the reactive sites are unstable, laie physical form of the 
20 monomer for grafting may be as a gas or a liquid, »r*'^ the 
monomer may be either pure or diluted with a solvent or 
inert material and/or as a mixture with one or more 
additional monomers. Any radically active monomer may be 
Msed including vinyl, styrenic or acrylic monomers. 
2S Monomers can be selected according to the properties that 
are desired for the menibranes. For exaiqple, if it is 
desired that the meisbrane conduct ions, monomerB haviz^ 
acidic, basic, salt or amphoteric functionality or their 
precursors may be selected. Non-limiting examples of 
30 monomers having acidic, basic, salt, or anphoteric 
functionality include vinyl phosphonic acid, vinyl 
sulfonic acid, 3-[ (2-acrylamido-2- 

methylpropyl)dimetlvlaiiinionio]propanesulfanate, sodium 
styrene sulfonate, W-vinyl-2-pyrrolidone, 4-viayl 
35 pyridine. Monomers that can be used as precursors for the 
introduction of acidic, basic, and amphoteric groups may 
also be used. Non-limiting examples include styrenic 



EmPf.2eit:26/09/2003 16:00 



FraDf nr "QfTO D ni9 



26.SEP.E003 16:04 SIEMENS 9CHWE1Z ^1 585 583 22B ^R.^78. s.l^^ 

2003F14806&F 

Fim/erb 

26.09.2003 



10 



IS 



20 



monomers aucH as styrene, o,a,p,- trifluorostyrene, 
fluorostyrene, and viaylbeozyl chloride and their 
derivatives. crossXiakiagr roooomers kaowa ia the art, sucih 
as divinyl benzene or bis (vinyl phenyl) etlxaae, can be 
used to aiodify tbe st^llixisr, gas or liquid crossover 
properties, or stability and durability of such 
membranes. The grafted polystyreaic chains can later be 
derivitized using methods loiown in the art to yield 
acidic, basic, or amphoteric functionalities in the 
membrane. For exaniple, anion-exchange groups can be 
introduced by means of subsequent amination followed by 
ion exchange twith aqueous hydroxide, and cation exchange 
groups can be introduced by treating witb strcmg acids 
sucsh as chlorosulfonic or sulfuric acids or sulfur 
trioxide dissolved in halogenated solvents. -Ehe fully 
acid f oims of such membranes are typically obtained by 
treating them first with basic solution, followed by 
regeneration in acid, and finally rinsing with water, m 
one enibodiment, a freshly sulfonated menibrane is treated 
first with 0.1 M WaCXH for at least about 12 h and then . 
for about 5 h in 2 M H2S04 . 
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The electrode shapes, forms, structures and conpositions 
are not specifically limited. Generally they vri.11 be 
electronically conducting and additionally may have 
catalysts present on or in tliem. Often they will have the 
capability to allow the transport or diffusion of gaseous 
or liquid reagents througb at least some regions of their 
structure. Non-limiting exan^les of electrode materials 
include carbon cloth, carbon paper, or carbon felt. For 
the case of fuel cell electrodes, . additional catalysts 
nay used in order to catalyze electrochemical oxidation 
or reduction reactions. Non-limiting examples of 
catalysts include platinum on carbon, platinum black or 
platinum alloys with other metals such as ruthenium or 
metal oacLdes, and Raney nickel together with carbon 
blacks, some of these alleys xnay be applied to advantage 
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in. mlsiimising the polsraain? pf electrode STarfaces with CO 
asid otber secies and in catalyzing the oxidation of 
methanol, other alcoholic secies, or even hydrocarbons. 
The electrochemical performance of the electrode, MEA. and 
S fuel cell can he significantly enhanced by inpregnation 
of electrodes with an ionically conducting polymeric 
phase in order to extend the volume of the 3-dimensional 
electrocfhemically active zone. This impregnation can be 
carried out hy means Jmown in the art such as spraying-, 

10 diEpinff," or wetting the surface of the electrode with a 
solution of an ionically conducting pol^^ner such as the 
Nafion* polymer or other perfluorinated, partially 
fluorinated, or non-fluorinated ionomers. After the 
impregnation process is . complete, the electrode may be 

15 dried at elevated temperatures, typically 100 to 140 "C in 
the case of Nafion® polymer, in order to remove residual 
solvent and to transform the ionomer into the form of an 
insoluble solid. 

20 The preparation of a m;anbrane electrode assCT^ily 

according to the invention can be described as follows; 
An ion-conducting membrane is pre-swollen in a solvent 
such as water. Care is taken that the membrane remains in 
a swollen, plasticised state dharacterized by an 

25 increased surface energy and more hydrqphilic surface 

durizig the MBA asseodbly process. The effects of swelling 
on the mechanical and sxirf ace properties of the mmm-^r^ne. 
can be readily varied by the choice of solvent. For 
eacamplQ, polar and hydrogen-bonding solvents will better 

30 swell and thus more greatly influence the mechanical and 
surface properties of membranes containing polar and 
hydrogen-bonding functional groups like acidic, basic, or 
anjphoteric ones. The extent of swelling of the menibrane 
can be readily controlled by methods known to those art, 

35 including the volatility of the chosen solvent, the 

exposure time to, tie solvent and its concentration, the 
means of solvent exposure, the atmosphere to vAich the 
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^*>l««»t. a eating of catalyst ^ ^ ap^Ii^;^ 

' aoBPoiw. watterlag or othar aathods tao«i in tS^t 
T«.x=ally tha s«olla„ fen. of tl» »aah«na is than pLed 
s^ T """" ^ lectrodas. one on 

s.d» The «EA sandwlct is than Ixot-prassad for a pariod 
of tl«» at alerted prasaura and te„par.t»ra. axact 
^'^^^ -Editions ara not spacifically linitX L. 
tha optura. conditions »in dapand soma^at on tha 

■"■toaaa «^ elaotroda propartias s«ai as hardnass, • 
»>tt«aca B«Bsr, and machaaieal and eStemtcal stahillty 
varxous ce«binaUoos of the coaditioas of ta.^atu^r 
15 pressure and tiro aay be aaOa For ex«.oi- ' 
higher tsmparatures will aenaially ^ it possible to 
«sa SQp«*at Shorter hot-prassiag times or lower 

a. ^ to use so„a»hat lower tenparaturL 

^ !^T^ l»t-presain9 ti^a. m another case, the 
use of loager prasaina tl™. will sake it posslhla to use 
lower t«,erat»re. and preasaras. is^ioally hot-pra^:i^ 
ta„^arat,nras of between about 60 «^ about ISO -C nay^ 
used, m one en4>odimant the tea»eratura is about llT -c 
S5 la gana«l, tha use of too hiffh temperatures in undasi^ 
hec««a it nay lead to mend>raae dxyina or avaa "^"^ 
daoon^oaitioa, especially la tha presence of osygan. too 
low a t«peratur. i»y lead to poor im. bondlas 
IW.lcally hot-t«sslna prea»ara. of betwaaa ab^t 2 and 

f applied, in on. an^bodlMeat ^e 

^Wxed pressure is about 5 to about la .»a. Again, too 
^ a pressure »ay lead to dagradation, and too 
pressure May lead to poor bonding, ae duration of th^ 
hot^assxng traat^oenr ,ay vary batmen about 15 sec L. 
^t 10^ut«,. xa one e«hodi^t, tha duration is ^ 
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«xe applications of these iSERs are not specifically 
limited. These mus may find application in a variety of 
electrochemical processes, cells, and devices, for 
exanple, in fuel cells, electrolysis cells, and 
batteries. Such electrochemical cells may be used 
individually or in asseiriblies of several cells connected 
xa series or parallel. The fuel cells may be powered 
usinff a variety of fuels in either gaseous or liquid 
form, such as Isydrogen, methanol, or reformate either in 
a pure form or in mixtures, with other congponents , !rhe 
fuel cells may operate using a variety of oxidants in 
either gaseous or liquid form, such as ostygen or air 
either in a pure form or in mixtures with other 
coQipon^ts . 



This invention was first reduced to practice in a 
collaboration of the Fuel Cells Groi«, and Materials ii 
Group of the l^oratory for Electrochemistry (both at 
Paul Scherrer Institut, Villigen, Switzerland) . 
Radiation-grafted membranes were pr^ared. They were made 
from 25 (jm thick pbp filins (fep loo a) purcshased from 
DuPont, Circleville, OH, usa-. The membranes were prepared 
according to the method described by Huslage et al. and 
they are referred to here -as PBP-25 membranes. An 
25 irradiation dose of 3 JcQy and reaction times of 3.5 h at 
60 "c were used. The grafting solutions containing 10 vol 
% of the crosslinker, DVB, relative to styrene. The acid 
form of the menibranes were swollen in a deioniaed water 
bath at 80 "c for about five hours. The graft levels of 
the resulting membranes were between 18 to 20 mass % and 
the lon-exohange capacities were between 1.25 and 1 35 
mBq/g. 



30 
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For comparison purposes the membrane Nafion* W-H2 
membrane was purchased from the DiiPoat conpany. This 
membrane material was first treated for one hour at 90 -c 
a 1:1 (vol:vol) solution of concentrated HisOa (65%1 in 



Enpf.zfiit:26/09/?0C13 16:00 



Pmr>'( •ono n ni"7 



SEP.2003 i6s04 SIOIENS-SCHWEIZ +41 STO 583 SSB 



NR. 978 . S.ia^ 



2003P1A806S? 

Fim/erb 

26,09.2003 

12 

deioxiized water. Nexti tbe Kaf ioxi*^ xnembraae was repeatedly 
treated by pwellingr over several Hotirs at about 95 °c in 
several baths o£ deionlzed water until tlie bath water 
remains neutral, ^This membrane has an ioa-escchange 
5 capacity of about 0.9 xcosq/g and a water swelling of about 
20 mass %• 

All swollen membrane materials were stored in.deionized 
water imtil they were processed in the fabrication of 
10 soEAs by hot-preesing. 

nHho electrodes iu these working exans^lss were carbon 
cloth based electrodes of the type BLAT from E-TEK with a 
Pt loading of 0.6 mg cm"^^. The electrodes were Nafion- 
15 coated by spraying them with a 0.5 mass % solution of 
Wafion followed by drying under vacuxim for about 2 h at 
13 0 ''C . OSie amount of Naf ion applied was about 0.6 - 0.7 
mg/cm^. 

20 ■Ibe meznbranes that were Slaf ion inpregxiated were dried in 
a vacuum oven at 120°C for 1 hoxn:. The meatnbranes were 
then immersed in 0.5 wt% Naf ion® ionomer solution. After 1 
hour, the membranes were taken out, the solution on the 
surface was gently shaken off, and the samples were left 

25 to dry in the fume cupboard at room temperature for about 
1 hour. Subsequently, the Naf ion'' ionomer coating was 
insolilbilized by curing the membranes in the vacuum oven 
at l20''C for 2 hours, ^e membrane which was then to be 
bonded to the electrodes in wet state was re-swollen by 

30 immersing the sample in water at room tengperature . 

Pour types of MBAs based on FEP25 radiation-grafted 
membranes were evaluated for performance and coznpared 
against a standard USA comprising Nafion^ 112. Two 
35 saiis>les were used as prepared (not impregnated with 
l^afion® ionomer) . Vhey were stor^ in water after 
meidbrane preparation. 



10 



15 



feS.SEP.EBaa 16:05 SIETETE .SOMEIZ +41 585 583 228 * NR.978 S.19/^ 

2003Pl4e06S^ 

Pixii/erb 

26.09.2003 

13 

Working- Estample 1 m eaqjerxmeat V150, an PBP-25 
mewbraae having a graft level of 19.9 % was used. Tbis 
membrane was not impregnated with Naf ion® ionomer prior 
5 to hot-pressing. The membrane was hot-pressed in the 
swollen state (PEP-hp (wet) ) using ordinary hot-pressing 
conations (120«C/ is MPa/3 min) . 1016 MEA was checked for 
leaks and then tested in a hydrogen/ oacygen fuel cell test 
stand as described below. 

comparative Exam>le 1 m eicperiment V203, a ISBA. was 
pr^ared from an FEP-25 meinbrane having a graft level of 
15.5 %. This menibrane was also not in^jregnated with 
Wafion® ionomer prior to hot-pressing. iSiis meinbrane was 
dried in the oven at 6OOC for 1 hour (no vacuum) prior to 
hotpressing (FBP-1«>) , All of the other MEA preparation 
conditions were the same as given above, 

WorJzixiff Eseaitple 2 in esqperiment V213, an PEP-2S 
menibrane having a graft level of 19.0 % was used. The 
menibrane was inpregnated with Naf ion® ionomer as 
described in the previous section. This sample was hot- 
pressed in the wet state, having been re-swollen at room 
temperature in water overnight (FEP-ni-1^ (wet) ) . The 
membrane was removed directly from water and the surface 
water was removed by blotting with a tissue. The membrana 
was then placed ±a contact with two electrodes. The ISA 
sandwich was then rapidly placed in a hot press, and 
laminated imder milder conditions (llOoc/5 MPa/3 min) 
because it was found that ia^regnated membranes are prone 
to cracking vdien using the standard hot-pressing 
conditions, ihe milder bonding conditions did not leave 
to an bbsarvably poorer quality of lamination. 

Cojijparative Scauple 2 in experiment V211, a uea was 
prepared from an FEP-25 mexribrane having a graft level of 
17.9 %. The menbrane was inflpregnated with Nafion® ionomer 
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and tha NBA. prepared according to the method of worldLxig 
example 2 (V213 ) , excerpt that the merobrane in this 
conparativQ exactple was bcmded in the 6xy state, after 
curing of the W^ion coating at 120«^Cr (FEP-ni-hp) , after 
5 the sample had been removed from the oven from curing, as 
described above. 



Coniparatixre JS^eazi^le 3 Xn eaiperiment V208, an MBA. was 
10 fabricated from a Naf ion® 112 membrane in the wet state 
(N112-hp(wet)) . 

An overview of the MEAs fabricated is shown in Table 1. 

15 Table 1. Membranes fabricated to MEAs, using STEK 
electrodes with O.S mgpt cm''^. 

MEA Degree ISC Hembrane Hafion® Hotpressing 

of state impregnation conditions 

grafting 

[mmol 

: 



cose BZ 

3 - 0.95 wet - 120<»c / 18 

mi2- MPa / 3 ^ Ir 

CC33!IP BX 

1 19.5 1.44 dry No 120«C / 18 

PEP-hp MPa / 3 jnia 

WE 1 

FBP- 19,9 wet No XZO^C / 18 

bp (wet:) Sjpa / 3 min 

CCaiP ES 

2 17.9 1.35 dry Yes 110*C / 5 
PBP-ni- MPa / 3 niin 
Jap 
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WE 2 

PEP-oi- 19.0 1.33 ft^t yes iijjoc / 5 

MFa / 3 n.i^ 

These MEAs were tested in the test stands of tHe fuel 
cells group at PSl. Fuel cell testing was carried out in 
single cells with 30 cm' active area. The cells vrere 
operated with pure % and Og, using a gas flow rate of 1.5 
times the amount rsqixired 1^ the cell current. Cell 
teniperature was BCC, pressure of the reactaat gases 1 
bara at the outlet. The hydrogen was humidified by 
bubbling through a water at a temperature of SO'C, the 
oacygen was fed to the cell without humidificatioix. During 
startup, the cells were operated at a constant internal 
resistance of 0.05 D, until performance of around 5 w was 
attained. Olhen, the operating mode was switched to 
constant current of 14.6 A (500 vA on"') . 

in situ Cbaracterization of mAs Once the NBAs had been 
conditioned after start up and attained stable 
performance, the properties of the MEAs were 
Characterized In situ ixy polarization escperiments and 
electrocaiemical impedance spectroscopy. Typical cell 
polarization curves for the various laSAs are shown in 
Figure 1. Por the polarization eaq)erimant, the cell 
current density was varied in stents fcom ppen circuit 
voltage to the maximtam current density. Equilibration 
time at each point was 20 s. Electrochemical inpedance 
spectroscopy was carried out at the constant cell current 
density of 500 mA cm"* using an inpedance kit from Zahner 
BleJctrik (Kronacih, Qanhaiv) - Perturbation frequency was 
typically varied from 100 mBz to 25 kHz. a?ypical results 
for the characterization of the liBAs described in the 
working and cao5>arativB exaiqples are shown ia Figure 2 
OJhe ohmic and charge transfer resistances measured in-' 
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Figure 1 Tjnpical cell polauriaation curves of fuel cells 
containing tbe various MEAs described ia tHe working and 
coinparative eacanples. Heasuremeatrs were made after the 
MEAs had been conditioned subsequent to start up and 
attaining stable perfonnance, typically about 100 - 150 
hours. V150 (PBP25-hp(wet)) was actually measured after 
about 2,350 hours, but it had not degraded in performance 
versus the earlier measurements with this MBA. 
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Paul Scherrer x&stltut 
ca-5232 Vllliyan PSX 

5 ClaiaiB 

1. Method for preparing- a znembiraxxe to be assembled ia a 
membrane electrode assembly, contprising tbe step of 
swelling an ion-- conducting menibran^ in a lic^uld 
10 containing at least one solvent or to an atmosphere 
containing the vapor pbase of at least one solvent by- 
controlling the content o£ the solvent in the ion 
conducting mecnbrane. 

15 2. £tethod according to claim 1, 
characterized in that 

the ion conducting xpieiabrane is a radiation grafted 
membrane* 

20 3. Method according to claiA 1 or 2, 
characterized in that 
prior to the swelling st^, 

a) the ion conducting membrane is treated in a strong 
acid solntion for a period in the range o£ 10 

25 loinutes to 120 minutes; and 

b) rinsing the so- treated ion conducting membrane, 
preferably until the rinse t/»ter is neutral. 

4. Method according to any one of the preceding claims, 
30 characterized in that 

the ion conducting membrane is coated, preferably 
inpregrated, with a ionically coxuiucting polycaeric phase. 

5. Method for^ manufacturing a membrane electrode asseznbly 
35 using a ion conducting membrane, i.e. a ion conducting 

membrane prepared according to any one of the preceding 
claims, comprising the steps of: 
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a) providing a ion conductixig m^oobrane in a pre^swollen 
state; 

b) coating of the ion conducting membrane on botb sides 
viitb an electrode layer to form a sandwich; and 

5 c) hot-pressing the sand^tA to form an ion conducting 
bonding of the afore-mentioned layers of the 
sancbvich. 

6 . Kethod according to claim 5. 
10 characterized In that 

a catalytic active layer is disposed betti^een the 
electrode layer and the ion conducting menibrane on both 
sides of the ion conducting membrane. 



15 7. Hethod according to claim 5 or 6, 
characterized in that 

as electrode layer one of the group ccxisisting of a 
* cairbon clothe carbon paper and a carbon felt is used, 
preferably applied in form of a hardrc^hilic liqpjdd, such 
20 as a polar and hydrogen-bonding solvent. 

8 . Method according to any one of the preceding claims 5 
to 7r characterized in that 

the hot*p3ressing condition are selected from at least one 
25 of t:he following conditions: 

a) temperature in the range of 70 to ISO^c, preferably 
in the range of 90 to IZO^C; 

b) pressure in the range of 2 to 30 UPa,, preferably 5 
to 18 HPa; and 

30 c) diiration time of hot-pressing treatment in the range 
of 15 to 400 seconds, preferably 60 to 240 seconds. 

9. Hethod according to any one of the preceding claims 5 
to 8, characterized in that 

35 the catalytic active layer coxqprises at least one 

selected from the group containing platinum, ruthenium, 
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. riodium, rhenium, nickel, rare earth and transition 
metals and compounds thereof. 

10. A membrane electrode assembly, i,e. manufactured 
5 according to any one of the preceding claims 5 to 5, 

comprisincr a hot pressed sandwich comprising an electrode 
layer, a ion conducting meotorane and again an electroOe 
layer, therehy using the ton conducting membrane in its 
pre-swollen status prior to the hot-pr4ssing 

10 
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Saul Sqbexreor laBtlfeut 
CB-5232 ViXligoB. 7BX 

abstract 

5 

A method for preparing a membrane to be assembled in a 
membrane electrode aeseaibly is disclosed conprising tbe 
et^ of swelling an ion-conducting membrane in a liquid 
containing at least one solvent or to an atmosphere 
10 containing the vapor phase of at • least one solvent by 
controlling the content, of the solvent in the ion 
conducting membrane. 

Further, a method for manufacturing a membrane electrode 
15 assembly using a ion conducting menibrane is disclosed, 
conprising the steps of: 

providing a ion eonducting membrane in a pre-swollen 
state; coating of the ion conducting membrane on both 
•sides with an electrode layer to form a sandwich; and 
20 hot-pressing the sajad3wi«=h to form an ion coziducting 
bonding of the afore-mentloned layers of the aandwidh. 

Furthermore, a jjienibrane electrode assembly is disclosed 
comprising a hot pressed sandwich coanprising an electrode 
25 layer, a ion conducting membrane and again an electrode 
layer, thereby using the ion conducting membrane in its 
pre-swollen status prior to the hot-pressing. 
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